The present work suggests some imputation methods to deal with the problems of non-response in sample surveys. The imputation methods presented in this work lead to the precise estimation strategies of population mean. Empirical studies are carried out with the help of data borrowed from natural populations to show the superiorities of the suggested imputation methods over usual mean, ratio and regression methods of imputation in terms of the mean square error criterions. Suitable recommendations have been put forward for the survey practitioners.
Introduction
The clinical or life savings drug testing experiments face the problems of missing data due to elimination of some of the experimental units during the course of experiments. Similarly in agricultural experiments, crops destroy due to some natural calamities or disease during the course of experiments. In demographic and socio-economic surveys, generally response from each unit in sample is not available due to various causes. Such incompleteness is known as non-response and if the appropriate information about the nature of non-response is not available, the conclusions concerning the population parameters may be spoiled.
In last couple of decades, signicant advancements have been made to reduce the negative impact of non-response. Imputation is one which deals with the lling up method of incomplete data for adapting the standard analytic model in statistics. It is typically used when it is needed to substitute missing item values with certain fabricated values in a survey or census. To deal with the missing item values eectively [13] , [14] , [16] and [9] suggested imputation methods that make an incomplete data set structurally complete and its analysis simple. Imputation may also be carried out with the aid of an auxiliary variable if it is available. Some of the pioneer works which used information on an auxiliary variable under missing completely at random (MCAR) response mechanism were suggested by [10] , [11] , [20] , [22] , [1] , [4] , [18] , [21] , [17] , [19] and [2] . [15] advocated the use of multiple imputations to lessen the negative impact of missing data in more wise way. He showed multiple imputations provide a useful strategy for dealing with missing data by replacing each missing value with two or more acceptable fabricated values representing a distribution of possibilities. Motivated with this suggestion and in follow up we suggest some single and multiple imputations methods under MCAR response mechanism. The suggested imputation methods lead to some eective estimation procedures of population mean. Properties of the proposed imputation methods and subsequent estimation procedures have been examined and suitable recommendations are made.
Sample structure and notations
Consider U = (U1, U2, U3, ..., UN ) denote the nite population of size N and let y and x be the positively correlated study and auxiliary variables respectively. It is assumed that information on an auxiliary variable x is readily available for each unit of the population and we intend to estimate the population mean of the study variable y. Let a sample s of size n be drawn from the population under simple random sampling without replacement (SRSWOR) scheme and surveyed for study variable y but response from each sampled unit was not obtained which leads to the presence of non-response. Let r be the number of responding units out of sampled n units and the set of responding units is denoted by R and that of non-responding units by R c . For sampled units i ∈ R, the values yi are observed, while for the units i ∈ R c ,the yi values are missing and respective imputed values are derived. We intend to develop some eective imputation methods with the aid of an auxiliary variable x, such that the value of xi for unit Ui, is known and has positive value for each unit of the population. Hence onwards we use the following notations: Y ,X:The population means of the study and auxiliary variables y and x respectively. S 2 y ,S 2 x :The population variances of the study and auxiliary variables y and x respectively. Cy,Cx :The coecients of variations of the study and auxiliary variables y and x respectively. ρyx: The correlation coecient between the study and auxiliary variables y and x. yr,xr:The response means of the study and auxiliary variables y and x respectively. xn:The sample mean of the auxiliary variable x based on the sample size n.
2.1. Proposed imputation methods and subsequent estimators. In this section, some more eective imputation methods and hence the corresponding estimators have been proposed under MCAR response mechanism. The derived resultant estimators have shown dominant performance over the existing methods of imputations and are more relevant for practical applications.
2.1.1. Single imputation methods and subsequent estimators. Following the MCAR response mechanism we suggest the following three single imputation methods for the missing values of the sample data. (a) First method of imputation The data after imputation takes the form,
Under the method of imputation discussed in equation (2.1), the point estimator ofȲ takes the following form
which is simplied as
The data after imputation takes the form,
Under the method of imputation described in equation ( 
Under the suggested method of imputation the estimators τ1, τ2, τ3,ȳMI 1 ,ȳMI 2 , yMI 3 andȳMI 4 dened in equations (2.3), (2.5), (2.7) and (2.8)-(2.11) are biased estimators ofȲ . Since, we have considered the MCAR response mechanism, therefore, the bias and mean square errors of the proposed estimators are derived up to the rst order of approximations using the following transformations:
such that E(ei) = 0 and |ei| < 1 for i=1,2,...,5. Under the above transformation, the estimators τ1, τ2 and τ3 take the following forms:
The bias and the mean square errors up to the rst order of approximations of the proposed estimators τ1, τ2, τ3,ȳMI 1 ,ȳMI 2 ,ȳMI 3 andȳMI 4 are derived in the following theorems:
3.1. Theorem. The bias of the estimators τ1, τ2, τ3,ȳMI 1 ,ȳMI 2 ,ȳMI 3 andȳM I 4 are given by
x and Syx have their usual meanings.
Proof. The bias of the estimators τ1, τ2 and τ3 are derived as
Now, expanding the right hand side of the equations (3.11) -(3.13) binomially and exponentially, taking expectations and retaining the terms up to rst order of approximations, we get the expressions of the bias of the estimators τ1, τ2 and τ3 as derived in equations (3.4) -(3.6).
The bias of the estimatorsȳMI 1 ,ȳMI 2 ,ȳMI 3 andȳMI 4 are derived as
Theorem. The mean square errors of the estimators τ1, τ2, τ3,ȳMI 1 ,ȳMI 2 ,ȳMI 3 and yMI 4 are given by
Proof. The mean square errors of the estimators τ1, τ2 and τ3 are derived as
Now, expanding the right hand side of the equations (3.28) -(3.30) binomially and exponentially, taking expectations and retaining the terms up to rst order of approximations, we get the expressions of the mean square errors of the estimators τ1, τ2 and τ3 as derived in equations (3.18) - (3.20) .
The mean square errors of the estimatorsȳMI 1 ,ȳMI 2 ,ȳMI 3 andȳMI 4 are derived as 
4.1.
Mean method of imputation. The data produced under mean method of imputation is described as
Under the method of imputation discussed in equation (4.1), the point estimator of the population meanȲ is derived as The variance of the estimatorȳM given in equation (4.2) is obtained under MCAR response mechanism and is given as
Ratio method of imputation. The ratio method of imputation is applied with the help of information obtained on an auxiliary variable x and consequently the data generated is described as
Under the method of imputation discussed in equation (4.3), the point estimator of population meanȲ is derived as
The bias and mean square error of the estimatorȳRAT are obtained under MCAR response mechanism up to rst order of approximations and given as
Regression method of imputation. The data generated by regression method of imputation is given as
Under the method of imputation discussed in equation (4.5), the point estimator of population meanȲ is derived as
The bias and mean square error of the estimatorȳREG are obtained under MCAR response mechanism up to rst order of approximations and given as (4.9) B (ȳREG) = ρyxCy CxX
Empirical study
In this section, we demonstrate the performances of the proposed imputation methods over mean, ratio and regression methods of imputation. To access the performances of the proposed methods, empirical studies are carried out on seventeen natural populations chosen from various survey literatures related to life sciences, agricultural and socioeconomic characters. The details of the populations are provided in this section. The methodology of empirical study is as follows; from a nite population of size N a sample of size n is drawn under SRSWOR sampling scheme. The rst m samples were selected from the all possible N Cn samples. First we drop (n-r) units randomly from each sample corresponding to the study variable y and imputed values are derived with six methods of imputations namely (i) Mean method of imputation (ii) Ratio method of imputation (iii) Regression method of imputation (iv) Suggested single imputations methods (v) Suggested multiple imputations methods
The percent relative eciencies of the proposed single imputation methods with respect to the mean, ratio and regression methods of imputation are given as The percent relative eciencies of the proposed multiple imputations methods with respect to the mean, ratio, regression and proposed single imputation methods are given as Population XVII [Source: [5] ] (Page No. 32) Y: Food cost of family X: Income of family N = 33, n = 7, r = 5, ρyx = 0.2521603. A close look on Tables 1-7 reveals that the proposed methods of imputations are rewarding in terms of percent relative eciencies. These ndings suggest that the proposed single and multiple methods of imputations described in this paper are highly benecial in minimizing the negative impact of non-response to a greater extent as compared to the mean, ratio and regression methods of imputation. The survey statisticians may be encouraged for the practical applications of the suggested imputation methods, if non-response is unavoidable in the survey data.
